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GJ van den Berg2 
SYNOPSIS 
In this study the effect of the non-linear behaviour of stainless steels on the local buckling strength 
of partially stiffened compression elements is studied. The steel under investigation is a Type 304 
stainless steel. Doubly symmetric hat section columns were manufactured by a press braking 
process and tested as stub columns to exclude overall buckling interaction. The different plasticity 
reduction factors' suggested in the ASCE3 stainless steel design specification for stiffened and 
unstiffened compression elements are used to compare experimental results with theoretical 
predictions. 
It is concluded that the ASCE3 and South African13 stainless steel design specifications 
overestimate the local buckling stress as well as the ultimate strength of partially stiffened stainless 
steel compression elements. The experimental results compare well with the theoretical 
predictions when the two plasticity reduction factors are used. 
GENERAL REMARKS 
In recent years, the use of stainless steel has increased in architectural and structural applications 
because of its pleasing appearance. This makes stainless steel a popular choice since an increasing 
number of buildings are built with structural elements exposed to view. Stainless steels are highly 
resistant to corrosion, making it an ideal material in corrosive atmospheres and in many other 
special applications. 
In contrast to carbon steels, stainless steels yield gradually under load. Due to the non-linear 
stress-strain relationship of stainless steels the design specifications for carbon and low alloy steel 
cannot be used. It is thus necessary to develop separate design criteria for stainless steels. For the 
overall stability of members the ASCE3 and South African13 stainless steel design specifications 
make use of plasticity reduction factors for design in the inelastic stress range. For overall stability 
the initial elastic modulus is replaced by the 'tangent modulus. 
Johnson9 and Wang16 investigated the stability of stainless steel stiffened and unstiffened 
compression elements. Based on their work the ASCE3 design specification for stainless steel 
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structural members recommended that certain plasticity reduction factors could be used but that 
the effective width of these elements could be determined without using any plasticity reduction 
factors. It was found that this was in good agreement with experimental results. 
No work was done at that stage on the stability of partially stiffened stainless steel compression 
elements. In this study the effect of the non-linear behaviour of stainless steels on the stability of 
partially stiffened compression elements is studied. The plasticity reduction factors recommended 
by Johnson9 and Wanl6 will be used to determine the validity of their application to determine the 
effective width of partially stiffened compression elements. In this study it was decided to test 
doubly symmetric hat section columns. Because of the wandering centroid problem singly 
symmetric sections could not be used4•11• 
THEORETICAL MODEL 
Mechanical Properties 
The average stress-strain curves can be drawn by using the Ramberg-OsgoodlO equation as revised 
by HillS. A detailed discussion of the Ramberg-Osgood10 equation is given in Reference 14 and 
15. The revised equation is given by Equation 1. 











Eo initial elastic modulus 
h yield strength 




Th.e tangent modulus. Et• is defined as the slope of the stress-strain curve at each value of stress. It 
is obtained as the inverse of the first derivative with respect to strain and can be computed by 
using Equation 3. 
543 
Eq3 
The secant modulus, Es. is defined as the stress to strain ratio at each value of stress and can be 
computed by using Equation 4. 
E = ___ E-".o_--:-.,.-
S fit 1 
1 + 0.002Eo /yn 
Eq4 
Critical Buckling 
The small deflection theory for the equilibrium of plates can be used to calculate the critical local 
buckling stress of a stiffened, unstiffened or partially stiffened compression element. Many 
researchers have suggested different approximate or more exact theories to calculate the critical 
local buckling stress in the inelastic stress range. Equation 1 can be used to calculate the critical 
local buckling stress for an isotropic plate in the inelastic stress range. 
TJk:1t 2 Eo 
Eq5 
where 
fer critical local buckling stress 
TJ plasticity reduction factor 
k buckling coefficient 
Eo initial elastic modulus 
v Poisson's ratio 
w flat width of the element 
t thickness of the element 
The buckling coefficient k depends upon the edge rotational restraint, the type of loading and the 
aspect ratio of the plate. The buckling coefficients for the different plate elements under 




for unstiffened compression elements 
for stiffened compression elements 
for partially stiffened compression elements 
Several theories have been developed for the determination of the plasticity reduction factors for 
different types of compression elements. Johnson9 and Wang16 showed the validity of the 
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following plasticity reduction factors for the determination of the critical local buckling stress for 
stainless steel structural members. 
1'] = 1 for elastic buckling for carbon steel compression members 
1'] = Es / Eo for buckling of unstiffened compression elements 
1'] = (E, / EJlI2 for buckling of stiffened compression elements 
The above three plasticity reduction factors will be used in this study to compare the theoretical 
predictions with the experimental critical local buckling stresses. 
Post buckling 
For the theoretical calculation of the post buckling strength of partially stiffened compression 
elements the model suggested by the Canadian6 and South MriCan,12 carbon steel cold-formed 
design specifications, which is similar to the ASCE3 stainless steel specification, will be used. The 
proposed South African13 stainless steel design specification is similar. The equations in the above 
specifications will be revised to take into account the non-linear behaviour of stainless steels in the 
inelastic stress range by introducing plasticity reduction factors. The procedures described in the 
South Mrican12 and Canadian6 carbon steel cold-formed design specifications and the proposed 
South African13 stainless steel design specification will be followed. 
The design procedure to calculate the effective width of partially stiffened compression elements 
are divided into three categories. Case 1 deals with compression flanges that is fully effective, 
even if it has no lip and it is an unstiffened compression element. For this case it is not necessary 
to add a stiffener lip to the one side of the compression flange. The effective area of the 
compression flange is thus equal to the full unreduced area of the compression element. Only the 
stiffener lip has to be checked for local buckling. Figure 1 gives a general layout of a partially 
stiffened compression element. 
f (Compression) 
w 
Figure 2 Typical Partially Stiffened Compression Element 
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The following equations are used in all the cases. 
Wlim1 = 0.644~YJ7° with k = 0.425 Eq6 
withk=4 Eq 7 
Eq8 





Table 1 Values Buckling Coefficient k 
Case Ie d;/w:5 0.25 0.25 < d/w < 0.8 
1 k=4 k=4 
2and3 Ir~l k=4 k = 5.25-5d; / w 
Ir < 1 k = 3.571; + 0.43 k = [4.82-5d; /w}I; +0.43 
Note: d/t :514 25 37W If.- 1 






For the Cases 1 to 3 the value of the buckling coefficient k is calculated from the equations given 
in Table 1. The value for n is recommended by Schuster7• 
where 
Wliml the limit for the flat width ratio above which an unstiffened compression element 
will buckle 
WIim2 the limit for the flat width ratio above which a stiffened compression element will 
buckle 
T] plasticity reduction factor 
k buckling coefficient for different types of compression elements 
Eo initial elastic modulus 
/ maximum stress in the compression element 
B effective width ratio bit for compression elements 
W flat width ratio wit for compression elements 
b effective width for compression elements 
w flat width of compression elements 
t thickness of steel 
de effective width of the stiffener 
dr reduced effective width of the stiffener 
EXPERIMENTAL PROCEDURE 
Mechanical Propertil'S 
Uniaxial tensile and compression tests were carried out on specimens taken from the steel in the 
longitudinal and transverse directions. 
The tensile tests were carried out in accordance with the procedures outlined by the ASTM 
Standard A370-772• The compression test specimens were mounted in a specially manufactured 
test fixture which prevents overall buckling of the specimen about the minor axis. Average strain 
was measured by two strain gauges mounted on either side of the specimen in a full bridge 
configuration with temperature compensation. References 14 and 15 can be consulted for a 
detailed discussion of the testing procedure. 
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Stub Columns 
The average overall dimensions of the stub-column specimens tested are given in Table 2. Stub 
columns were tested to exclude the effect of overall buckling interaction. In order to exclude 
overall buckling of the columns, the length of the specimens had to be kept short. The columns 
also needed to have sufficient length so that the local buckling stress does not depend on the 
aspect ratio of the flange. Any such dependence would prevent the application of results obtained 
in the design of cold-formed columns where such short lengths are seldom encountered. The 
AISI1 specification recommends that the length should be less than 20 times the minimum radius 
of gyration and be larger than three times the largest dimension. 
Table 2. Dimensions of Stub Columns 
No L A B C 
mm mm mm mm 
50x20 . 200 63.40 50.03 20.00 
50x25 200 63.95 50.04 25.00 
70xl0 300 83.83 69.98 9.88 
70x15 300 83.90 69.90 15.00 
70x20 300 82.80 70.00 20.01 
70x25 300 82.80 69.84 24.90 
90x15 350 103.48 90.09 14.96 
90x20 350 103.55 89.86 19.91 
90x25 350 103.45 90.08 25.15 
110xl0 400 123.75 109.88 10.00 
110x15 400 123.10 109.75 14.98 
110x20 400 123.15 110.13 19.88 
130xl0 450 143.25 130.15 9.68 
130x15 450 142.40 130.03 14.85 
130x20 450 143.50 130.05 19.95 
130x25 450 142.55 130.03 24.93 
150xl0 500 163.15 150.20 10.00 
150x20 500 162.90 150.51 19.85 
150x25 500 163.38 150.21 25.05 
170x20 600 182.98 170.33 19.88 
The stub column is loaded statically and readings were taken every half second. The test is 
continued past the forming of local buckling waves, until ultimate failure is reached when the 
compressive force starts to decrease. 
In this study the local and post buckling behaviour of hat-sections were investigated. The different 
profiles were formed through a press brake process. Hat sections were selected because of the 
ease in applying strain gauges to both sides of the stiffener. Since the problem of a wandering 
centroid is encountered in the case of singly-symmetric cold-formed members due to the formation 
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of an effective section and the resulting shift in the neutral axis, the sections were spot welded 
back-to-back to form a doubly symmetric section. 
During fabrication a supporting plate was placed between the two webs as some specimens would 
not have had a fully effective web even with the double thickness provided. The plate was cut to 
the same size as the flat width of the web. The ends of the columns were machined flat and 















Figure 2 Dimensions and Detail of Hat Sections 
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The specimen cross-sections were proportioned in such a way to observe all the local buckling 
modes. In order to cover the whole range of variables governing element behaviour, the flat width 
of the flanges as well as the stiffener sizes were varied. The thickness of the sheet was 1.6 rom 
and the inside radius was 1.6 mm. 
The location of the strain gauges is shown in Figure 2. The placement of the strain gauges enables 
the detection of all the local buckling modes. The strain gauges mounted on the stiffener are used 
for alignment of the stub-column as well as to indicate the presence of the local plate buckling 
mode. The strain gauges mounted on the flange are used to detect the flange stiffener buckling 
mode. The strain gauges mounted on the flange-stiffener junction are used to detect distortional 
buckling, which refers to the out-of-plane movement of the junction. 
The stub columns were placed in a 500 kN Instron universal testing machine between two 
specially manufactured end plates. For the tests a fixed end plate was used at the bottom and an 
adjustable end plate was used at the top. A ball bearing was placed between the top end plate and 
the Instron end plate. This assembly was held in place by four bolts which were loosened during 
the alignment procedure. The specimens were placed in such a way that the compression load was 
applied through the centroid of the doubly symmetric hat section. A pre-load of approximately 
15% of the failure load is applied for the initial set-up of the specimen. Adjustment of the column 
is done until the strain gauges in the middle of the section do not differ by more than 5%. The 
pre-load was removed and the actual testing of the column is started. 
DISCUSSION OF RESULTS 
Mechanical Properti~ 
Type 304 steel yields gradually under load. This is in contrast to carbon and low alloy steels for 
which the transition to yielding is clearly noticeable. The mechanical properties, determined from 
experimental stress-strain curves, are given in Table 3. 
Table 3 Mechanical Properti~ 
Property 
Initial Elastic Modulus Eo (GPa) 
Yields Strengthh (MPa) 
Proportional Limitfp (MPa) 

























Equations 1 and 2 have been used together with the values in Table 3 to produce analytical stress-
strain curves as shown in Figure 3. 
Stub Column Tests 
The experimental results and the theoretical predictions using the three plasticity reduction factors 
for the critical local buckling stresses and the ultimate strengths for the stub columns are given in 
Table 4 and in Figures 4 and 5. 
The experimental critical local buckling stresses are compared with the theoretical predicted local 






0.002 0.003 0.004 0.005 
Strain (mm/mm) 
Figure 3 Stress-Strain Curve for Type 304 Stainless Steel 
11 =1 
11 =Es / Eo Eq14 
( ) 112 11~ Et / Eo 
It is not possible to draw a general curve for the critical buckling stress against the ratio of the lip 
to web flat width because of the many variables involved in the equations. It was thus decided to 
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plot the results for the experimental results and the theoretical predictions separately and draw for 
each set of results a straight line through a process of linear regression. From Figure 4 it can be 
seen that the theoretical prediction using no plasticity reduction factor as recommended by the 
AISI!, South African!2 and Canadian6 carbon steel as well as the ASCE3 and South African13 
stainless steel design specifications overestimates the critical local buckling stresses. The 
theoretical predictions using the other two plasticity reduction factors compare well with the 
experimental results. The following symbols apply in Table 4. 
Ie experimental critical local buckling stress 
Icr theoretical critical local buckling stress using no plasticity reduction factor 
Is theoretical critical local buckling stress using the secant plasticity reduction factor 
approach 
.It theoretical critical local buckling stress using the tangent plasticity reduction factor 
approach 
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Figure 4 Critical Local Buckling Strength of Sections 
0.6 
The experimental results and theoretical prediction for the ultimate capacities of the stub columns 
are given in Table 4 and in Figure 5. Since it isnot possible to draw a general theoretical curve for 
the theoretical predictions, straight lines determined through a process of linear regression are 
drawn through the different sets of results. 
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From Table 3 it can be seen that for dJw > 0.2 and wIt > 50 the ultimate capacities are 
overestimated by the elastic theory with no plasticity reduction factor. For dJw > 0.2 and wIt < 
50 the experimental results are in good agreement with the elastic theoretical predicted strengths. 
For all the columns with dJw < 0.2 the theoretical predictions, using no plasticity reduction factor, 
are greatly overestimated. Out of plane movement of the flange stiffener junction (distortional 
buckling) was observed on the stub columns tested with dJw ratios between 0.7 and 0.12. All the 
four stub columns exhibiting this behaviour had ultimate strengths that were overestimated by the 
secant plasticity reduction approach. The theoretical predictions using the secant modulus 
approach plasticity reduction factors are generally in better agreement with the experimental 
results. In a study by Buitendag4•s and Reynekell on the strength of partially stiffened stainless 
steel compression members similar results were obtained. The following symbols apply in Table 3 
Pe experimental ultimate failure load 
Puy yield load for the full cross sectional column 
Pue theoretical elastic failure load with no plasticity reduction factor 
Pus theoretical failure load using the secant approach plasticity reduction factor 
Put theoretical failure load using the tangent approach plasticity reduction factor 
1.4 
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Figure 5 Ultimate Strength of Sections 
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CONCLUSIONS 
It is concluded in this study that the ASCE3 and South African13 stainless steel design 
specifications overestimate the local buckling stress as well as the ultimate strength of partially 
stiffened stainless steel compression elements. The experimental results compare well with the 
theoretical predictions when the two plasticity reduction factors are used. 
From the limited number of tests carried out in this study it can be concluded that there is a 
general tendency for the elastic theory to increasingly overestimate the ultimate capacity of a 
section as the flat width to thickness ( wit) ratio of the flange increases. At low wit ratios an 
elastic analysis underestimates the ultimate capacity of a section while at high wit ratios both the 
secant and tangent approximations slightly overstimate the ultimate capacity of a section. 
If additional tests show that this is the case, it might be worthwhile investigating the introduction 
of a varying plasticity reduction factor. Such a factor would have to depend on the wit ratio of the 
flange. Three of the stub column test results, where d;/w > 0.2 and wit >50, showed however that 
the presence of a high dJw ratio causes a further drop in the ultimate capacity. A plasticity 
reduction factor would therefore have to be dependent on both d;/w and wit. 
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